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by the Chilojo cliffs three kilometres south of the river. The 
south bank between the river and the cliffs is comparatively 
level, whilst the north bank is gently sloping. Both banks are 
dissected by a number of annual rivers. 
Three climatic seasons can be recognized: a hot wet season 
(November to April), a cool dry season (May to August), and 
a hot dry season (September and October). The 20 year annual 
mean of rainfall on the adjacent Lone Star Ranch is 551 mm. 
Humans cultivated the alluvial soils adjacent to the Lundi 
prior to 1968, but thereafter all people were removed. Subse-
quent to the removal of people there was intense elephant 
(Loxodonta africana Blumenbach) utilization of Colophosper-
mum mopane (nomenclature for woody species follows Drum-
mond 1975), Adansonia digitata, and of the riverine and 
alluvial communities (Sherry 1975). 
Methods 
Classification of vegetation types 
The selected study area encompassed the major portion of 
the feeding range of hippopotami resident in Nyahungwe pool. 
The distance inland from the river was subjectively 
decided from initial tracking experience of hippopotami. The 
length of river included on either side of Nyahungwe was 
approximately midway to the next pool. The mapping objec-
tives were to identify units that could be used to test for area 
selectivity by hippopotami, with a further constraint of rapid 
description. The approach adopted for identifying vegetation 
types is currently being employed within Zimbabwean Natio-
nal Parks (Craig 1983). Craig (1983) outlines the rationale for 
this approach. The study area of 4,4 km2 was initially strati-
fied, with strata identified as physiographically and physiogno-
mically homogeneous patches on aerial photographs (scale 
1: 6 250). This stratification represents a first hypothesis about 
possible types present (Craig 1983), which may be falsified 
if the subsequent classification makes two types within one 
stratum. Strata were therefore further subdivided on the basis 
of the workers' preliminary knowledge of the vegetation. Each 
unit was sampled on a plotless basis, with an area in excess 
of a hectare (a stand) thoroughly inspected, and all woody 
species recorded. Each species within a stand was ranked for 
cover using an eight point scale (Walker 1976). The physiogno-
mic structure of each stand was briefly characterized in terms 
of four categories (adapted from Pratt et al. 1966). 
1. Grassland - land dominated by grasses and herbs, with 
scattered shrubs (shrub canopy cover < 5OJo). 
2. Woodland - a stand of trees < 3m high, with shrubs 
(individuals < 3m high) interspersed. 
3. Shrub woodland - a stand where shrubs are well repre-
sented (at least> 5% canopy cover), with trees poorly 
represented. 
4. Forest - a closed stand of trees of one or more storeys, 
with an interlaced upper canopy. 
The herbaceous species were not sampled for two reasons: 
(i) the survey was undertaken during November/December 
1981 before grasses were readily identifiable and (ii) there was 
insufficient time for detailed searching of the sward to locate 
most species. However, because of the strong influence of 
edaphic factors on both woody and herbaceous plant species 
distribution in savanna (e.g. Huntley (1982) and other referen-
ces in this article), a correlation should be expected between 
woody vegetation types and herbaceous vegetation types. Soils 
south of the Lundi have been described and mapped (Thomp-
son 1965), and this information was incorporated. 
Two way indicator species. analysis (TWINSP AN; Hill 1979) 
was used to derive a classification of vegetation types. The 
S.-Afr. Tydskr. Plantk . , 1986, 52(2) 
strengths and weaknesses of this classification technique have 
been intensively reviewed (e.g. Gauch 1982), and the technique 
was chosen because of its hierarchical nature, the identification 
of preferential species, and the provision of a two way table. 
TWINSP AN basically operates on the presence/absence of 
species, but quantitative data can be incorporated by the crea-
tion of 'pseudospecies' (Hill 1979) at preselected thresholds. 
Six levels of pseudospecies were used, these being the cover 
ratings 0, 1, 2, 3, 4, 5 of the eight point scale. No further 
weighting of any nature was employed. 
Habitat condition of vegetation types 
To identify degraded vegetation types, thirty-three 25 m 
transects, randomly located within the majority of the vegeta-
tion types, and five permanent 50 m transects (described in 
O'Connor & Campbell 1985), were assessed during the mid-
dry season, August. For each transect the following parameters 
were assessed for twenty-five 1 x 1 m quadrats (as described by 
Walker 1976): cover - aerial projected cover of herbaceous 
sward (percentage rank); height - height (cm) of the highest 
piece of grass; litter cover, soil capping, and soil erosion -
all three were ranked according to their percentage contribu-
tion to the total surface area of the quadrat. For each transect 
mean values were obtained for each parameter. Ranks for 
cover values (on the eight point scale) were first converted 
to cover (to the midpoints of the cover classes for each rank) 
before averaging. 
A R-type principal components analysis (p.C.A.) was used 
to identify the relationships between the measured condition 
parameters and to identify stands similar in habitat condition. 
Cover, litter cover, soil capping and erosion were percentages, 
and average height covered a similar numerical range. No 
transformations were undertaken on the data set. 
Long term environmental trends 
Inspection of aerial photographs was used to identify former 
human influences within the study area. Gonarezhou has been 
photographed five times in the last 33 years: 1948, 1955, 1963, 
1968 and 1974. The 1955 photography was at a scale of 
1 :40 000, the remainder at 1 :25 000. Because the region is 
extensively wooded, formerly cultivated fields were readily 
identified. Subsequent changes in the canopy cover of woody 
plants on six formerly cleared fields were described, by ranking 
the cover of woody plants for each of these areas for each 
year using an eight point scale. Ranking for cover excluded 
the need to correct for the different scales of photography. 
Aerial photographs were also used to identify degraded areas, 
which were readily visible on them (see Keech 1969). 
Results 
Classification of vegetation types 
A summary of the TWINSP AN table and the derived vegeta-
tion types, together with the classification of the species 
according to division 4, is presented (Table 1). Table 1 lists 
only those species recorded in more than one stand, or species 
occurring only once but with a cover ranking of more than 1. 
Three anomalous stands on isolated rocky areas (too small for 
mapping) are not described, and are excluded from Table 1. 
The sequence of division of stands by TWINSP AN is shown 
in a dendrogram (Figure 2). The first division indicated two 
broad distinctions. Vegetation types characterized by riverine 
woody species occurred on alluvial soils, and vegetation types 
characterized by Colophospermum mopane occurred on 
a wide range of soil types. In the derivation of vegetation 
types varying levels of division were accepted, as the first 
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Table 1 A summary of the vegetation types recognized from the two way indicator species analysis. Values 
for each species are the average cover (on the eight point scale), and the number of stands in which the species 
occurred is given in parenthesis. The classification of species according to division 4 of TWINSPAN is delimited 
by horizontal lines 
Vegetation type Colophos- Colophos-
Colophos- permum permum 
permum mopane mopane Colophos-
Mixed mopane and Markhamia Spirostachys permum Open Guibourtia Riverine 
shrub mixed shrub acuminata aJricana mopane riverine conjugata Riverine shrub Dune 
woodland woodland woodland woodland woodland woodland woodland woodland woodland grassland 
Species Number of stands (8) (12) (18) (10) (11) (13) (3) (5) (7) (6) 
Bauhinia /omentosa I (4) 1 (3) 1 (I) 
Boscia angustijolia I (5) 1 (3) 1 (1) 
Acacia erubescens I (6) I (1) 
Commiphora edulis 2 (8) 1 (5) 1 (8) 1 (1) 1 (I) 
Androstachys johnsonii 1 (2) 
Ochna inermis 1 (2) 1 (1) 
lasminum stenolobum 1 (3) 1 (I) 
Adenium obesum 1 (2) 
Monodora junodii 2 (6) 1 (12) 1 (7) 1 (1) 1 (I) 1 (2) 
Commiphora pyracanthoides 1 (4) 1 (4) 1 (2) 1 (I) 
Phyllanthus kirk ian us 1 (6) 1 (11) 1 (6) 1 (I) 1 (I) 1 (I) 
Cissus comijolia 1 (2) 1 (4) 
Strychnos decussata 2 (7) 1 (8) 1 (2) 1 (1) 
Strychnos madagascariensis 1 (3) 1 (4) 
Vitex sp. 3 (8) 2 (11) 1 (14) 1 (2) 1 (2) 1 (2) 1 (1) 
Canthium Jrangula 1 (4) 1 (6) 
Gardenia resiniflua 1 (8) 1 (7) 1 (9) 
Pavella gracillima 1 (2) 1 (3) 
May tenus pullerlickioides 1 (6) 1 (2) 
Pappea capensis . 1 (3) 
Combrelum apiculatum 1 (2) 
Acacia nigrescens 1 (3) 1 (4) 1 (2) 1 (1) 1 (I) 1 (3) 
Slrychnos polatorum 1 (I) 1 (7) 1 (5) I (3) 1 (I) 
Acacia welwilschii 1 (I) 1 (3) 1 (I) 1 (I) 
Hippocralea crenala 2 (6) 1 (11) 1 (5) 1 (1) 1 (1) 1 (2) 1 (3) 
Markhamia acuminala 3 (8) 1 (10) 2 (17) 1 (I) 1 (6) 1 (6) 
Rhigozum zambesiacum 1 (2) 1 (3) 1 (3) 1 (1) 1 (2) 
Terminalia prunioides 1 (3) 1 (I) 1 (I) 1 (I) 1 (I) 
Manilkara mochisia 1 (2) 1 (I) 
CoJJea racemosa 1 (I) 1 (1) 1 (I) 
Adansonia digilala 1 (6) 1 (4) 1 (I) 1 (I) I (3) 1 (I) 
Ehrelia obtusijolia 1 (I) 1 (I) 
Maerua parvijolia 1 (I) 1 (6) 1 (7) 1 (3) 1 (6) 1 (2) 1 (3) 
Spiros/achys aJricana 1 (4) 1 (5) 1 (4) 1 (6) 1 (4) 1 (3) 1 (I) 
Colophospermum mopane 2 (8) 4 (10) 4 (18) 5 (10) 5 (11) 1 (13) 1 (2) 
Thilachium aJricanum 2 (8) 1 (9) 2 (I 5) 3 (10) 1 (7) 2 (I 1) 1 (1) 1 (5) 
Anisoles Jormossissimus 1 (3) 1 (2) 1 (3) 1 (5) 1 (2) 1 (4) 1 (2) 
Drypetes mossambicensis 1 (8) 1 (10) 1 (8) 1 (4) 1 (5) 1 (9) 1 (4) 1 (1) 
Courbonia glauca 1 (3) 1 (3) 1 (10) 2 (9) I (6) 1 (3) 
Guibourtia conjugata 5 (3) 
Cocculus hirsulUs 1 (2) 
Garcinia livingslonei 1 (2) 
Salvadora anguslijolia 1 (3) 
Salvadora persica 1 (1) 1 (8) 2 (7) 
Cleislochlamys kirkii 1 (I) 1 (7) 1 (9) 1 (I) 1 (2) 1 (5) 1 (4) 
Combrelum imberbe 1 (5) 1 (1) 1 (12) 1 (I) 1 (6) 1 (10) 1 (2) I (3) 
Cassia abbreviata 1 (7) 1 (I) 1 (3) 1 (I) 1 (I) 1 (2) 1 (2) 1 (2) 
Capparis sepiaria 1 (I) 1 (6) 1 (3) 1 (8) 2 (3) 1 (4) 1 (I) 
Xanthocercis zambesiaca 1 (I) 1 (6) 1 (1) 
Boscia mossambicensis 1 (2) 1 (1) (2) 1 (2) 1 (6) 1 (11) 1 (3) 1 (1) 
Capparis /omenlosa I (3) 1 (2) (5) 1 (8) 1 (I) 1 (9) 1 (I) 1 (3) 1 (5) 
Lecaniodiscus Jraxinijolius 1 (2) 1 (2) 1 (2) 1 (1) 1 (6) 1 (2) 1 (4) 
Cassia petersiana 1 (5) 1 (I) 1 (3) 
Balaniles maughamii 1 (I) 1 (I) 
Berchemia discolor 1 (I) 1 (I) 
Dovyalis hispidula 1 (I) 1 (I) 
Cordyla aJricana 1 (I) 1 (3) 1 (3) 
Diospyros usambarensis 1 (8) 1 (I) 1 (4) 1 (2) 
Lonchocarpus capassa 1 (4) 1 (1) 1 (5) 1 (3) 1 (4) 2 (13) 1 (I) 2 (5) 2 (5) 1 (3) 
Combre/um hereroense 1 (2) 1 (5) I (2) 
Acacia tortillis 1 (2) 1 (4) 1 (2) 1 (5) 1 (8) 1 (3) 1 (3) 1 (3) 1 (1) 
Acacia albida 1 (I) 1 (I) 1 (1) 
Tabemaemontana elegans 1 (2) 1 (4) 
Tricalysia jasminiflora 1 (3) 1 (2) 
Dichrostachys cinerea 1 (I) 1 (I) 1 (2) 
Croton megalobolrys 1 (2) (4) 3 (5) 2 (7) 1 (6) 
Phyllanthus reliculalus 1 (I) 1 (I) 
Ziziphus mucronala (I) 1 (2) 1 (5) 1 (2) 
Withania somnijera 1 (2) 
Kigelia aJricana 1 (I) 1 (1) 1 (2) 2 (5) 1 (6) 1 (4) 
Diospyros mespilijormis 1 (I) 1 (2) 1 (I) 1 (I) 
Pluchea dioscoridis 1 (5) 5 (6) 
Securinega virosa 1 (I) 1 (3) 1 (6) 1 (I) 1 (6) 1 (8) 1 (2) 1 (5) 2 (7) 1 (6) 
Combretum mossambicense 1 (7) 1 (8) 1 (13) 1 (3) 1 (3) 1 (6) 2 (5) 1 (7) 1 (4) 
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Figure 2 A dendrogram illustrating the sequence of divisions of 96 stands by TWINSPAN, and the identified vegetation types. 
Figure 3 Vegetation map of the selected study area .... riverine forest; 
o riverine woodland; • riverine shrub woodland; • open riverine 
woodland; • dune grassland; * Guibourtia conjugata shrub woodland; 
T Colophospermum mopane- Spirostachys africana shrub woodland; 
o Colophospermum mopane woodland; 0 Colophospermum 
mopane-Markhamia acuminata woodland; f:,. Co{ophospermum 
mopane and mixed shrub woodland; E2l mixed shrub woodland. 
division divided the stands into two markedly unequal groups 
(74 versus 22 stands). The 22 stands were grouped principally 
according to level 3, and the 74 stands principally accord-
ing to levels 4 and 5. A total of ten vegetation types were 
identified from TWINSPAN. The order of stands within 
the first ordination (by reciprocal averaging) of TWINSP AN 
was used for final adjustment of one derived vegetation 
type (Figure 2). A third stand classified in the riverine 
woodland was subjectively placed in the open riverine wood-
land because of its location and soil type. Riverine forest 
was an eleventh type delineated on aerial photographs, 
but was not sampled because of its obvious floristic and 
physiognomic distinctiveness. Each of these vegetation types 
is briefly described, and their spatial distribution mapped 
in Figure 3. The terminology for the vegetation types has 
been adapted from the physiognomic classification of East 
African rangeland of Pratt et al. (1966). Names are based 
on a combination of floristics, physiognomy, and (in some 
instances) habitat associations of the vegetation type. Habitat 
terms are only employed when connotation are obvious, and 
with riverine types this further indicates a recognizable suite 
of species. The preferential species of each vegetation type 
are not explicitly described because they are usually quan-
titative 'pseudospecies'. 
Mixed shrub woodland 
Restricted to the north bank, this vegetation type is found 
on broken ground. This broken ground occurs primarily as 
rocky areas adjacent to rivers, and also as patches within 
Colophospermum mopane woodland. This is the most diverse 
of all vegetation types sampled, probably related to the diversi-
ty of microhabitats available, as patches of deeper soil occur 
between more broken patches. The only large tree species of 
note is Adansonia digitata. The most important shrubs include 
Acacia erubescens, Androstachys johnson ii, Commiphora 
edulis, Hippocratea crenata, Markhamia acuminata, Mono-
dora junodii, Strychnos decussata and Vitex sp .. 
Colophospermum mopane and mixed shrub woodland 
This vegetation type is restricted to the north bank, and 
ranges from an open shrub woodland to a near closed 
upper canopy woodland. Soils are granophyre in origin, 
and often shallow and stony. Colophospermum mopane 
is the most prominent shrub and large tree, with Adansonia 
digitata the only other tree of any significance. The common 
deciduous shrubs are Canthium jrangula, Combretum mos-
sambicense, Commiphora edulis, Drypetes mossambicensis, 
Gardenia resinijlua, Hippocratea crenata, Markhamia 







Table 2 The variance associated with the 
first two principal components (P.C.) of the 
ordination of the habitat condition data, and 
the loadings of each of the habitat condition 
variables on these principal components 
P.C. 
2 
Variance 3,83101 0,566119 
070 Variance 76,62 11,32 
Cumulative variance 76,62 87,94 
Cover of Sward 0,454633 0,379707 
Height of Sward 0,444483 0,338412 
Litter cover 0,453989 0,142401 
Soil capping -0,388207 0,83969 


















Figure 4 The relationship between vegetation types and the first two 
principal components of the ordination of the habitat condition data. 
Symbols representing vegetation types as in Figure 3. 
intensity of all except the open riverine woodland (n = 10). 
Individual vegetation types display a wide variation in habitat 
condition (Figure 4). However, all sites within riverine shrub 
woodland (n = 4), riverine woodland (n = 2) and Colophosper-
mum mopane-Spirostachys africana shrub woodland (n = 3) 
tend towards a degraded character. Sites in the dune grassland 
(n = 4), Colophospermum mopane and mixed shrub woodland 
(n = 4), Colophospermum mopane-Markhamia acuminata 
woodland (n = 3), and Colophospermum mopane woodland 
types (n = 6), tend towards an undegraded condition (Figure 4). 
The dune grassland exhibits sites with the highest PCl values, 
and was also the only type showing active growth well into 
the dry season, owing to favourable soil-water relationships. 
Because of the low sampling intensity of individual vegeta-
tion types, the two broad vegetation distinctions are examined 
(riverine types on alluvial soils and types with Colophosper-
mum mopane as the most prominent species) (Figure 5). The 
four transects from the anomalous dune grassland (on alluvial 
soils) and other incidental sites have been excluded, to give 
a total sample of 29 transects. Vegetation types on alluvial 
soils tend to be degraded, whilst the vegetation types character-
ized by Colophospermum mopane, often on shallow soils, 
are in an undegraded condition. Three transects within Colo-
phospermum mopane woodland types show degraded charac-
teristics. One of these is situated within a former hut site, while 
the other two are located within the Colophospermum mopa-
ne-Spirostachys africana shrub woodland which was heavily 
damaged by elephant. All except one of the formerly culti-
vated or settled sites are on alluvial soils, and all of these show 




















Figure 5 The relationship between the two broad vegetation types 
(types characterized by riverine woodland species and those characterized 
by Colophospermum mopane) and the first two principal components 
of the ordination of the habitat condition data .• riverine woodland 
species; • Colophospermum mopane as the most prominent species; 
o formerly cultivated or settled sites. 
On account of the large amount of variance explained 
by the PCl, this component has been used to express the 
relationship between habitat condition and distance from the 
river. The relation between PCl, representing the degree of 
degradation, and distance from the river, was examined using 
the data for both banks combined. The relationship was not 
significant (rs = 0,2022; 36dj; p > 0,05). Nor is the relationship 
between PCl and distance from the river significant for the 
north bank (rs = 0,0159; 23df; p > 0,05), or the south bank 
(rs =0,1937; lldf; p > 0,05). The gradient in degradation is 
therefore not a simple consequence of proximity to the river 
but is dependent on vegetation type and former history of 
the site. 
Table 3 The change over a 33 year period in the 
percentage woody cover of formerly cultivated fields. 
Values for 1948 to 1974 are derived from aerial 
photographs. Values for 1981 are derived from visual 
estimates. Three separate sites in the riverine shrub 
woodland are represented 
Riverine Riverine Shrub Open 
Woodland Woodland Riverine 
Year N. bank S. bank 2 3 Woodland 
1948 < 12 < 12 < 12 < 12 < 12 < 12 
1955 < 12 < 12 < 12 < 12 13 -25 < 12 
1963 26-50 26-50 13 -25 13 - 25 13-25 < 12 
1968 51-75 51-75 13-25 13 - 25 26-50 13 - 25 
1974 51-75 51 - 75 13-25 13 -25 26-50 13-25 
1981 76-87 76-87 13-25 13 - 25 26-50 13 -25 
Long term environmental trends 
The six areas sampled to assess bush development on formerly 
cultivated fields, represented three vegetation types: riverine 
woodland and riverine shrub woodland (both on deep, dark, 
fine-textured alluvium), and open riverine woodland (on a 
dark, coarser-textured alluvium). The cover of woody plants 
increased on all of these areas over 26 years (Table 3), 
although the extent of change differs between vegetation types. 
The cover of the woody plants of the riverine woodland 
increased from less than 12070 to greater than 75% over 32 
years, whereas the cover of the woody plants of the riverine 
shrub woodland and the open riverine woodland only doubled 
from 12070 over the same period of time. The causes of the 
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difference are obscure, although the open riverine woodland 
appears to have been abandoned more recently than the 
riverine woodland (aerial photographs are taken during the 
dry season, and it is therefore not clear whether land is merely 
fallow or abandoned). The most important regenerating 
species are Acacia tortilis, Combretum mossambicense, 
Croton megalobotrys and Ziziphus mucronata. 
Degraded areas that were readily identified on the latest 
aerial photographs (1974) were as follows: (1) adjacentto the 
Musakazembwi River (Colophospermum mopane woodland), 
(2) the riverine shrub woodland and (3) the Colophospermum 
mopane-Spirostachys africana shrub woodland. The area 
adjacent to the Musakazembwi River appeared as degraded 
in 1963 and the riverine shrub woodland appeared cultivated 
in 1948. Only the Colophospermum mopane-Spirostachys 
africana shrub woodland had become more degraded since 
the proclamation of Gonarezhou as a protected area in 1968. 
Visual inspection of the above sites proved them to be serious-
ly degraded at present, showing extensive soil capping and 
sheet erosion. 
Discussion 
The approach adopted in this study provided a suitably 
detailed map of vegetation types for the research objectives. 
The validity of the derived vegetation types is supported by 
the classification procedure grouping together contiguous 
stands of the initial fine scaled stratification. Such groupings 
were usually the stratified units delineated on aerial photo-
graphs, which are a first hypothesis about possible vegetation 
types. At the accepted levels of division, there is agreement 
of vegetation type with soil type and past history. Mixed shrub 
woodland is restricted to broken and rocky ground, Triassic 
sands support Guibourtia conjugata shrub woodland, and 
Colophospermum mopane-Spirostachys africana shrub 
woodland occurs on montmorillonitic clays. The Colophosper-
mum mopane and mixed shrub woodland is found on shallow, 
stony granophyre soils, while Colophospermum mopane 
woodland on the south bank occurs on sandy loams and 
sandy clay loams. The nature of the soil of the Colophosper-
mum mopane-Markhamia acuminata woodland is not 
known. The same form of alluvial soil supports the riverine 
forest, riverine woodland, and riverine shrub woodland, both 
of the latter having been formerly cultivated. A different form 
of alluvial soil supports the open riverine woodland. Areas 
formerly cultivated or settled comprise 12070 of the study area, 
of which 86070 are on alluvial soils. However, the suggested 
relationship between floristics and edaphic factors needs to 
be corroborated with a quantitative plot-based study. 
It is therefore concluded that this survey approach using 
two-way indicator species analysis on plotless stands with semi-
quantitative data can provide a meaningful and objective 
classification of vegetation types. 
Within the small area of 4,4 km2 mvestigated, the diverse in-
fluences of soil type, which is a result of geology and topo-
graphy, and previous land use, have resulted in a heterogeneous 
mosaic of vegetation types, many comprising only a small 
area. For these reasons the north and the south banks support 
dissimilar vegetation types (Figure 3). However, the two 
broad distinctions of types characterized by riverine woody 
species on alluvial soils and those characterized by Colo ph os-
permum mopane (on a range of soil types) are equivalent-
ly represented on both banks, and display a conspicuous 
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gradient in habitat condition. An important finding is that 
these habitats have not become degraded since the proclama-
tion of Gonarezhou as a protected area in 1968, but are related 
to areas formerly radically disturbed by man (with the excep-
tion of the Colophospermum mopane-Spirostachys africana 
woodland - damaged by elephant). The factors presently 
responsible for maintaining this gradient in condition are 
discussed in detail in O'Connor & Campbell (1985). The 
formerly cultivated areas on alluvial soils have further under-
gone relatively rapid successional change, and the floristic 
differences in the woody component of these areas highlight 
the necessity of considering site history when attempting to 
interpret the distribution of vegetation types. 
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